Objective: Genetic testing for obesity is available directly to consumers, yet little is understood about its behavioral impact and its added value to nongenetic risk communication efforts based on lifestyle factors. Methods: A randomized trial examined the short-term impact of providing personalized obesity risk information, using a 2 3 2 factorial design. Participants were recruited from the Coriell Personalized Medicine Collaborative (CPMC) and randomized to receive (1) no risk information (control), (2) genetic risk, (3) lifestyle risk, or (4) combined genetic/lifestyle risks. Baseline and 3-month follow-up survey data were collected. Analyses examined the impact of risk feedback on intentions to lose weight and self-reported weight. Results: A total of 696 participants completed the study. A significant interaction effect was observed for genetic and lifestyle information on intent to lose weight (P 5 0.0150). Those who received genetic risk alone had greater intentions at follow-up, compared with controls (P 5 0.0034). The impact of receiving elevated risk information on intentions varied by source and combination of risks presented. Non-elevated genetic risk did not lower intentions. No group differences were observed for self-reported weight. Conclusions: Genetic risk information for obesity may add value to lifestyle risk information depending on the context in which it is presented.
Introduction
Obesity is known to have multiple contributing factors, yet with heritability estimates ranging from 81% to 92%, the contribution of genetics is indisputable (1, 2) . Reviews have identified more than 50 genes associated with obesity as defined by increased body mass index (BMI) or waist-to-hip ratio (3, 4) . Despite ongoing discoveries, the FTO gene continues to garner attention in the obesity research community. The rs9939609 variant of the FTO gene is located at 16q12.2 and associated with body weight increase by 1.2 kg per Aallele (5) . Approximately 16% of adults are homozygous for the high-risk allele (AA), which is associated with higher odds of obesity (OR 5 1.47 in males; 1.46 in females) (6) . Exercise can successfully blunt the effects of the rs9939609 variant, suggesting that additional efforts to motivate individual behavior change to offset genetic influences are important for weight management (7) (8) (9) . Consistent with U.S. national efforts to usher in a new era of precision medicine (10) , efforts to convey genetic risk for common complex conditions have been undertaken in attempts to identify those at greater risk and motivate lifestyle behavior change (11) . To date, the clinical utility of genetic testing for obesity has been largely based on limited evidence. Research based on opinion surveys or vignette-based studies have suggested that genetic information would be beneficial and increase motivation to adopt healthy weight management behaviors (12) (13) (14) (15) ). Yet concerns have been raised about the possibility of increasing fatalistic or deterministic reactions in response to higher risk status, or false reassurance due to lower risk status, thereby discouraging individuals from engaging in healthy lifestyle behaviors (15, 16) . Pilot studies among overweight adults, however, have found that confidence in ability to lose weight is not undermined by receiving elevated genetic risk results for obesity (17) and that some are more motivated to overcome their genetic predisposition (18) . Only one other randomized trial has examined the effects of obesity genetic risk feedback. This study targeted first-year undergraduate students in the UK during a transition period where the likelihood of weight gain is increased (19, 20) and found that FTO test feedback, provided alongside a leaflet offering tips to control weight, resulted in greater readiness to control weight at 1 month follow-up compared with controls who received the leaflet only. Moreover, those who were at higher risk based on their FTO variant status had greater readiness to change compared with controls.
It is unclear whether genetic risk is perceived any differently from other risk factors for obesity (i.e., source of risk assessment). Prior research has noted that genetic risk has a greater influence on risk perceptions and decision making compared with nongenetic risk when presented separately, suggesting an inherent value in receiving risk information derived from genetic testing (21, 22) . Efforts are needed to understand the impact of conveying risk when it is based on genetic versus nongenetic factors (23) and also to determine whether genetic risk information adds value when combined with lifestyle risk intervention efforts (24) .
The Obesity Risk Communication Study is a randomized controlled trial designed to examine the short-term impact of providing personalized obesity risk information, using a 2 3 2 factorial design (25) . Obesity risk was ascertained from two sources: (I) genetic risk based on FTO genotype (6), and (II) lifestyle risk based on hours spent sitting and watching television (26) . In this report, we present the main results of the trial, focused on weight-related intentions and outcomes. There were two research aims specified for the trial (25): Aim 1: To examine the effects of providing genetic risk information, alone or in combination with lifestyle risk information, on participants' intentions to lose weight and self-reported weight. 
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Aim 2: To determine the extent to which the effects of risk information vary as a function of risk status (elevated vs. nonelevated).
Methods

Study population
This study was conducted as an ancillary study within the Coriell Personalized Medicine Collaborative (CPMC), an ongoing longitudinal study designed to determine the utility of using genome information in clinical decision making. Described elsewhere (27) , the CPMC has recruited people to different research cohorts, performed genetic analysis, and provided genetic risk feedback via an online patient portal for over 20 common complex conditions, as well as drug metabolism. Ethics approval was obtained from Boston University and Coriell.
Study intervention
The Internet-based obesity intervention consisted of a risk report containing information on obesity risk factors and personalized risk as specified within experimental arm (see Online Supporting Information). All participants were provided with background including definitions of obesity and BMI, and obesity prevalence rates in the United States. Those randomized to receive genetic risk information were presented with relative risk estimates based on their FTO genotype (RR 5 1.0, TT; RR 5 1.1, AT; RR 5 1.3, AA) (6) . Participants randomized to receive lifestyle risk information were presented with relative risk estimates based on self-reported time spent sitting while watching television (RR 5 1.0, no more than 1 h/week; RR 5 1.2, 2-5 h/week; RR 5 1.4, 6-20 h/week; RR 5 1.7, 7-40 h/week; RR 5 1.9, greater than 40 h/week) (26) .
Procedures
All active CPMC enrollees were eligible to participate in the obesity study 90 days after they received their initial CPMC risk results for other conditions. Eligible participants were notified of the obesity study via a series of emails and could link to the CPMC Web portal for further study details, review study consent document, and provide consent online. Once enrolled, participants were stratified by CPMC cohort and FTO genotype and randomized to one of four study arms: (1) no risk information (control), (2) genetic risk only, (3) lifestyle risk only, or (4) combined genetic/lifestyle risks (see Figure 1 ). Participants received personalized risk information online via the CPMC patient portal. Surveys were administered at baseline and 3-month follow-up. Additional study details are presented elsewhere (25) .
Measures
Demographics. Demographic information collected from study participants included age, gender, education, race/ethnicity, and selfreported weight and height.
Intention to lose weight. A single item asked participants "I intend to lose 10 pounds or more in the next 6 months." Responses were based on a 5-point Likert ranging from strongly disagree to strongly agree.
Self-reported weight. A single item asked participants to indicate their weight in pounds. Change in weight was derived based on the difference in self-reported weight from baseline to 3-month follow-up.
Data analyses
Descriptive statistics included means, standard deviations, and counts with percentages. Randomization effectiveness was examined by comparing and testing distributions of baseline variables by intervention arm using cross-tabulation with chi-square or Fisher's exact tests as appropriate. Any lack of balance on these variables between the arms was addressed by the inclusion of these variables as covariates in multivariable analyses.
Genetic risk was dichotomized as non-elevated (no risk variant) and elevated (one or two risk variants) for the purposes of multivariable analyses. Lifestyle risk was dichotomized by comparing those who watched 5 h or less of television a week versus those who watched more than 5 h a week. For ease of communication in this report, we use descriptors of low and high to label our risk categories, acknowledging that actual risk quantification as "high" is relative.
We ran three linear regression models to examine the effect of experimental arm (aim 1) on intentions to lose weight, self-reported weight at follow-up, and change in weight from baseline to followup. Models adjusted for age, gender, BMI or weight, and length of time between survey completions (follow-up time). As an additional precaution, we examined whether the study arms were balanced by genetic risk for other related health conditions included in the CPMC parent study (i.e., coronary artery disease [CAD] and type 2 diabetes [T2D]). Genetic risk for CAD did vary significantly across study arms and thus was adjusted for in the models. The study design generated nine possible obesity risk status combinations ( Figure 2 ). To examine the effect of obesity risk status (aim 2), we ran four linear models for each dependent variable. First, we examined the impact of risk among those in groups that received risk information from a single risk factor (i.e., genetic or lifestyle) compared with controls. Next, we examined the effect of risk status among participants in the combined feedback arm compared with controls. Finally, we ran two linear models to explore the added value of risk information that was derived from a different source.
Thus, to examine the added value of lifestyle information, controls were compared with those receiving high genetic risk, high genetic/ low lifestyle risk, or high on both genetic and lifestyle risk. Similarly, the added value of genetic information was examined by comparing controls to those receiving high lifestyle risk, high lifestyle/ low genetic risk, or high on both lifestyle and genetic risk. (10) 19 (11) 23 (13) 14 (8) 73 (11) Associate's degree 11 (7) 19 (11) 12 (7) 16 (9) 
Results
Participant demographics
A total of 696 of 777 participants completed both baseline and follow-up surveys, resulting in a retention rate of 90%. The average age of participants was 50 years, 68% were female, 93% were White, and 60% had a BMI of 25 or greater at baseline ( Table 1) . Distribution of FTO genotype was similar to overall population distribution patterns (6). Demographics did not differ significantly across study arms, with the exception of CAD genotype (P 5 0.0031).
Effect of experimental arm (aim 1)
Intention to lose weight. A significant interaction effect between genetic feedback and lifestyle feedback was found for intention to lose 10 pounds or more in the next 6 months (P 5 0.0150; Additional analyses stratifying by BMI revealed that the interaction effect observed between genetic feedback and lifestyle feedback was significant among participants who were normal weight (P 5 0.0222) but not those with overweight/obesity (P 5 0.1682; Supporting Information Table S1 ).
Self-reported weight. Analyses for self-reported weight at follow-up and change in weight over time did not reveal any significant effects by study arm (Table 2) . Notably, genetic risk for CAD, which served as a covariate in the models, was associated with weight outcomes. Those who were at elevated CAD risk based on genotype weighed less at follow-up (P 5 0.0063) and had greater reductions in weight over time (P 5 0.0059), compared with those at non-elevated CAD risk.
Effect of obesity risk status (aim 2)
Intention to lose weight. Table 3 presents the results examining the impact of risk status on intentions. Model 1 examining the impact of a single risk showed a significant effect of risk status (P 5 0.0102). Post hoc analyses demonstrated that those receiving a high genetic risk had greater intentions compared with controls (P 5 0.0365; Figure 3) . No other pairwise comparisons were significant. Model 2 examining the impact of combined risks did not reveal a statistically significant effect of risk status (P 5 0.0718). Post hoc analyses comparing controls versus those who received elevated risk for both genetic and lifestyle was also modest (P 5 0.0622).
Models 3 and 4 examined the added value of either lifestyle or genetic risk. The results showed similar patterns to models 1 and 2. Model 3 showed a significant effect of risk status (P 5 0.0096); those receiving high genetic risk only had greater intentions to lose weight compared with controls (P 5 0.0135; see Figure 4 ). Receiving a combined high genetic but low lifestyle risk did not result in differences compared with controls (P 5 0.7116). Receiving high risk for both genetic and lifestyle showed a borderline difference compared with controls (P 5 0.0656). Model 4 showed a modest effect of risk status (P 5 0.0625), but also saw a significant difference in intentions between controls and those receiving a combined high lifestyle and high genetic risk difference (P 5 0.0474).
Self-reported weight. Although there are no significant differences by study arm for self-reported weight outcomes, we ran the models Impact of obesity risk status on intent to lose 10 lbs or more in the next 6 months (aim 2) to examine the effects of obesity risk status on weight outcomes. No significant differences by risk status were observed (data not shown).
Discussion
The impact of obesity genetic risk information depends on the context in which it is presented. Analyses by study arm revealed that the provision of genetic information was more effective at influencing weight loss intentions, particularly when presented alone and not in combination with lifestyle risk. Two inferences can be made from these results. First, irrespective of actual level of genetic risk conveyed, those in the genetic arm expressed greater intention to lose weight. Unlike prior vignette studies (14, 15) , weight loss intentions in this study did not significantly differ between those in the genetic only arm who received elevated versus non-elevated genetic risk. Rather, the only significant difference was between those receiving elevated genetic risk compared with control participants. It is possible that individuals may not be distinguishing between genetic risk values presented. We did not follow up with participants, however, to determine the extent to which they differentiated between the risk categories.
Second, providing risk estimates from different sources may result in worse outcomes due to the mixed messages participants are receiving when estimates are discordant. The risk status groups compared in the added-value analyses (model 3) closely mimic how vignette studies have previously been designed, with an increased genetic risk scenario (13) . The findings clearly showed that any benefit of presenting elevated genetic risk is offset when discordant, non-elevated lifestyle risk is also presented. Conversely, model 4 suggests that genetic risk information may add value to lifestyle risk information, but only when disease risks are concordant "high."
Study findings are in contrast to prior research that has shown no discernable impact of personalized genetic risk information (for diabetes) on weight loss motives or intentions (28) . The lack of benefit of genetic information in prior studies may be partly attributed to their focus on overweight individuals. A strength of this study is its inclusion of both healthy-weight and overweight individuals. Analyses stratified by BMI showed that the interaction effect observed for experimental arm on intentions remained significant among those who were underweight or normal weight but was not significant for those with overweight or obesity (Supporting Information Figure S1 ). In this study, 57% of those in the underweight/normalweight group had one (45%) or two (12%) copies of the risk variant placing them at greater risk for obesity, representing a sizable portion of this subgroup receiving elevated genetic risk feedback. Genetic risk information may be more salient for those who are not yet overweight and viewed as a reason to take action to reduce the likelihood of weight gain. Interestingly, the only other FTO feedback trial found that the impact of genetic risk on readiness to prevent weight gain was greater for those who were overweight, compared with normal weight (20) . However, that study focused on undergraduate university students, the majority (89%) of whom were not (yet) overweight and might not see the relevance of the information unless they had already experienced weight-related struggles. Future studies are needed to clarify potential differences in the effects of genetic risk information across age and BMI spectrums to determine whether there are optimal time points at which this type of information might generate greater motivating responses.
Our study findings only partially supported our original hypotheses for trial outcomes, pertaining to weight loss intentions. We did not observe any significant differences by study arm for self-reported weight loss or for other behavioral intentions and lifestyle behaviors examined (Supporting Information Tables S2 and S3 ). Our lack of significant findings for weight outcomes is consistent with other studies looking at implications of genetic risk information for diabetes (28) (29) (30) and obesity (20) . Our trial used a simple manipulation in terms of the risk information presented and was not designed around an existing, well-validated intervention previously demonstrated to change behaviors. Nonetheless, findings suggest that there may be a motivational benefit of providing genetic information, particularly among healthy-weight individuals. If paired with known strategies to facilitate changes in lifestyle behaviors, genetic risk communication efforts may enhance the success rate of those interventions and provide additional motivation (and added value) to help individuals plan for healthy weight maintenance (11, 24) .
We also examined the impact of receiving non-elevated genetic risk for obesity. Concerns have previously been raised about the potential negative implications (i.e., false reassurance) of "low" genetic risk feedback in this context (15, 16) . Our results support the findings from other obesity studies indicating no such adverse outcomes (20, 31) .
There were several limitations to our study. First, all study measures were based on self-reports. Study participants were predominately White and had high educational backgrounds, thus limiting the generalizability of these findings to certain populations. Due to the nature of the study design, the resulting nine different risk status combinations presented challenges in terms of uneven participant numbers for some cells and noted in the width of confidence intervals for the smaller cells. Power to detect significant effects for risk status (aim 2) was modest and varied from 57% to 81% depending on the model. For example, with sample size of 407 in model 4, we had 57% power to detect the difference among control, L high, L high 1 G low, and L high 1 G high groups with adjusted means (SD) 3.15 (0.81), 3.29 (0.81), 3.21 (0.77), and 3.43 (0.79), respectively. The power differences by model likely underlie the borderline trend differences observed.
All participants were participants in a parent CPMC study and thus were already interested in genetic information by nature of cohort participation. Prior to entering our trial, participants also received other genetic information for common diseases including CAD and T2D. Adjusting for CAD genotype, we noted a significant association with self-reported weight outcomes in the anticipated direction wherein greater risk corresponded to greater weight loss. It is possible that CAD genotype may have attenuated our obesity risk results for weight loss. Prior research has shown that heart attack is the most feared condition out of 23 conditions tested for via direct-toconsumer genetic testing, endorsed by 19.1% of participants, compared with 8.7% who endorsed obesity (32) . It is conceivable that CAD genotype may have greater influence on weight outcomes due to differences in concerns about the disease, relative to obesity. We conducted additional analyses that included T2D genotype and did not find a significant association with weight outcomes, while CAD
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remained significant in the model. A composite genotype score for CAD and T2D (i.e., elevated risk for 0, 1, or 2 conditions) reflecting a "dose" measure of genotype was also not associated with weight outcomes (data not shown).
Study findings have implications for future research examining the clinical utility of genetic results. First, there is a need to reframe the primary question of clinical utility from "Does genetic information motivate?" to ones that ask "How might genetic information motivate? Or for whom?" Almost every trial examining the clinical utility of genetic information for weight management has focused on an overweight target population (28) (29) (30) 33) . The results of our study may have been markedly different had only overweight individuals been included. Efforts to examine possible subgroup differences in responses are very much needed.
Second, research is needed to better understand how genetic risk for various conditions is processed by individuals and influences the outcomes of interest. Are there certain conditions that are more salient and attenuate the effects of others? Is there a dose effect or even a threshold effect, such that elevated genetic risk information only has an effect if a greater number or a specific number of diseases is indicated? These questions apply especially to ongoing studies examining the impact of direct-to-consumer genetic results or newer efforts to provide risk information based on whole-exome or whole-genome sequencing wherein risks for multiple conditions are presented to individuals. There is evidence to suggest that not all genetic information is equally motivating (34) and that combining information from different conditions can improve behavioral outcomes (35) .
Third, studies that present multiple sources of risk for a single condition (e.g., demographics, family history, biomarkers, genetics) will need to be mindful of the possibility of conveying mixed messages, which may offset any benefit of genetic information due to discordant risk results (28, 33) and consider these issues in the design of studies moving forward.
Finally, studies should strive to power on analyses needed to detect differences by risk status, which has been an ongoing challenge (11, 29, 36) . Although our study team made every attempt to maximize study recruitment and retention (25), we were still underpowered to detect some of the effects we were hypothesizing.
Conclusion
Findings from the present study suggest that genetic risk for obesity can add value to other nongenetic risk information in terms of motivation to lose weight, but its impact will depend on the context in which the risk is presented. Future studies examining how genetic information is motivating or for whom may help to advance our understanding of its clinical utility.O V C 2016 The Obesity Society
